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ABSTRACT:
Copper sulfate is applied in inland
waters as a management tool to control
phytoplankton and the snails associated
with thecondition of schistiosome der-
matitis. Application rates to control
algae and snails range from 1.0 mgll to
25.0 mgll of copper sulfate, respective-
ly. Previous studies have focused on a
variety of aspects of this practice, how-
ever, few have determined the effects of
copper sulfate treatments on benthic
algae. Therefore, a short-term laboratory
experiment was executed. Algal commu-
nities were established in laboratory
microcosms using sediment andwater
collected from Muskegon Lake, Michigan.
Microcosms were asSigned toone offour
treatments: control 0, 1.0 mgll, 10.0
mgll, or 25 mgll of copper sulfate. After
48-hours, chlorophyll a, total dissolved
copper, cell density, andcommunity
structure were determined. Chlorophyll
a declined significantly due to copper,
however, algal densities didnot. The
differences in measured responses may
bedue to sediment adsorption or dura-
tion of theexperiment.
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Background of the Study
Copper sulfate is frequently used as a lake
management tool to control algae and
pest organisms. The over-abundance of
algae due to eutrophication can
lake quality: This is often managed with
copper sulfate. Copper is also used to kill
snail vectors, which cause schistosome
dermatitis (Novy, et al., vector
produces irritated spots on human skin.
Applications to control snails began in
1939 in Michigan (Blankespoor &.
Reimink, 1991), and the use of copper
sulfate has a similar history (Hansen &.
Stefan, 1984).
Algaecidal treatments of copper sulfate
are recommended at 1.0 mgll, while snail
control can go to 25 mgll (Cooke, 1994).
In 1996, over 250,000 pounds of copper
sulfate were added to more than 800
ponds and lakes in Michigan. In 1997,
145,000 pounds were used on inland
waters in Michigan (Rathbun, 1998).
The addition of copper sulfate to
freshwater systems has been the focus of
many studies which focus on ecological
topics related to organism toxicity: The
short-terrn copper toxicity of numerous
organisms comprises a substantial por-
tion of the research (Gibson, 1972;
McKnight, 1981).
Studies have concluded that 0.1 mgll
of copper is lethal to most algae (Cooke,
1993); however, field studies vary consid-
erably in reporting concentration of cop-
per sulfate necessary for algaecidal control
(Hansen &. Stefan, 1984). Some cases of
algal species unaffected by copper sulfate
doses found lethal in the laboratory have
been reported (McKnight, 1981; Hansen
&. Stephan, 1984). Among the factors
affecting phytoplankton susceptibility are
the physiology of the algal species, age of
the culture, and heavy metal tolerance
(Demayo, et al., 1982; Gibson, 1972;
Stokes, et al., 1973).
The chemical interactions of copper
with the physical properties of natural
waters may alter its effectiveness (Masuda
&- Boyd, 1993; McKnight, 1981;
Wagemann &- Barica, 1979). Copper sul-
fate concentrations in solution are also
sensitive to the physical and biological
features of a specific lake as pH and
inorganic substances (Demayo, et al.
1982). is added to an
aquatic a interplay
begins with the of the lake and
the copper that affects the ratio of copper
species. Toxic forms of copper will
achieve different equilibrium depending
on the lakes' specific properties (Masuda
&. Boyd, 1993). Copper in natural aquatic
systems is distributed among three frac-
tions. First, copper can be held in solu-
tion as the cupric ion, which is generally
considered a toxic form to organisms, or
complexes with other substances
(Demayo, et al., 1982). Second, copper
can be suspended on colloidal particles
floating in the water, such as clay or
organisms (e. g. phytoplankton). Copper
is non-toxic after adsorption occurs
(Genter, 1996). Finally; it can precipitate
out or be absorbed in the bottom sedi-
ment (Masuda &. Boyd, 1993). As it is
incorporated with the sediment, copper
then becomes fairly stable and non-toxic
(Novy; et al., 1973; Nalewajko ts: Prepas,
1996). Because sediment affects water
chemistry; it is an important variable
affecting the toxicity of copper to organ-
isms (Leckie, 1979). Previous results illus-
trate the complex nature of copper in
aquatic ecosystems (Havens, 1994;
Hedtke, 1984; McKnight, 1981).
The Present Experiment
This experiment was conducted with a
focus on algae in sediment, which allowed
an examination of sediment interplay with
copper sulfates toxic forms and a compo-
nent of a lakes benthic algae.
Materials and Methods
Sediment and water for the experiment
were collected from the near-shore area at
water depth of 1.0 meter from Muskegon
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Lake, Michigan, one day before the
induction of the experiment. Sediment
was collected from the top 3.0 em of lake
substrate, which was primarily sand with
some finer organic and inorganic
particulates. The sediment and water was
stored overnight at approximately lake
temperature.
The laboratory experiment was con-
ducted using rectangular plastic micro-
cosms (13 x 7 em) placed under natural
light conditions in a greenhouse. Benthic
algal communities were established by fill-
ing 16 microcosms with 15 ml of lake
sediment (depth ( 2 mm).
Four microcosms were randomly
assigned to one of the four treatment
levels including; I-controls, no CuS04;
2-1.0 mg/l CuS04; 3-10.0 mg/l
CuS04, 4-25.0 mg1lCuS04' The final
volume of all treatments was 500 ml.
After 48-hours, Welter samples were
collected from two replicates of each of
the four treatments to determine total
dissolved copper concentrations (Table
1). Total dissolved copper was ana-
lyzed using an inductively coupled
plasma emission spectrometer.
The water and sediment were agitat-
ed prior to collection. Alga counts and
taxonomic identification were determined
using 30.0 ml of water. In addition, 0.5
ml of sediment was collected and includ-
ed within the water sample. The entire
sample volumes were preserved in a 4%
formalin solution. Taxonomic determina-
jon and enumeration were conducted
using a Palmer-Maloney counting cham-
oer, A minimum of 300 cells was identi-
fied to division level (Prescott, 1974).
In addition, 0.1 ml of sediment and
5.0 ml of water were filtered onto a
oorosilicate tnicrofiber filter and stored
rozen the dark. Samples were
~xtracted using 90°;6 buffered acetone.
'n vitro determination of chlorophyll a
vas completed using the Turner Designs
vlodel 10-AU digital fluorometer
:Welshmeyer, 1994).
Differences among treatments were
determined using analysis of variance
(ANOVA).
Results
Copper analysis of the water column
showed total dissolved copper increased
in relationship to the treatment levels
(Figure 1). Chlorophyll a figures were sig-
nificantly different among treatments with
concentrations decreasing by 40°;6 at all
copper concentrations (Figure 2). No rela-
tionship was apparent between absolute
copper concentration and a decrease
chlorophyll a. The results showed no sig-
nificant correlation between total cell den-
sity and the controls or treatments (Table
2). Algal densities at the division levels
were not significant among treatments as
well (Figure 3, Table 2).
Discussion and Conclusions
Clearly;benthic algae were affected by the
addition of copper sulfate. Chlorophyll a
results exhibit the toxicity of copper to
benthic algae with a decline of 40°;6 with
each copper treatment in comparison to
the controls.
Chlorophyll a showed a decrease
among the three treatments concentra-
tions; however, chlorophyll a decreases
did not correlate with increasing copper
concentrations. The inclusion of sediment
during the present study may have been
one factor which altered copper toxicity
with increasing concentrations.
Sediment appears to have a great
influence on regulating the ultimate toxic-
ity of copper. Sediment has the ability to
adsorb large amounts of toxic forms of
copper which would decrease the mortali-
ty rates of the benthic algae (Masuda &
Boyd, 1993). Measured total dissolved
copper levels indicated the amount of sol-
uble copper did not increase in relation-
ship to the amount of copper added to
each treatment level (Figure 1). In the 1.°
mgll CUS04 treatment level approximately
0.25 mgll of copper is available in solu-
tion and in the 25 mgll CUS04 treatment,
approximately 6.25 mgll of copper is
available in solution. Analytical determi-
nation found 0.26 mgll and 3.50 mg/l
total dissolved in solution, respec-
tively: amount of copper
r:lrt(~r\'1"'P"\''''''I("T to sediment to increase
at
data the interactions between
copper and the aquatic environment
particularly in the presence of ;.)'-'''--'....J.J.J.'... J. ...L.
Algal biomass did not have a signifi-
cant correlation with chlorophyll a
readings. Possibilities for the discrepancy
between cell density and chlorophyll a
was the counting of stressed cells in the
data collection. Cells which had their
chloroplast intact but were actually
dying, were included in the density and
taxonomic cell counts. A strategy to
counteract this problem would have
been to extend the duration of the exper-
iment. However, the 48-hour time span
was chosen to minimize the constraints
imposed on the health of the algae in the
small microcosm. In addition, other
studies had shown an immediate toxic
response of algae from copper sulfate
within 48 ...hours (Havens, 1994).
Although these inconsistencies appear
between cell density and chlorophyll a,
the inclusion of the sediment seems to
be a significant factor in the outcome of
this experiment.
In spite of the complex nature of
copper in an aquatic system, copper
sulfate does have a detrimental impact on
benthic algae. Benthic algae are important
as primary producers in an aquatic system
(Wetzel, 1975). They provide energy for
an abundance of organisms living within
the lake bottom and those in the water
column. Snails and tadpoles are benthic
algae consumers, while thousands of
invertebrates also depend on this food
source (Stevenson, 1996). In addition, a
possible mutualistic relationship exists
between a midge species and a blue/green
algae (Lamberti, 1996). The immediate
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depletion in food supply could be detri-
mental for newly emergent insect larvae,
such as the midge, Cricotopu nostocicola.
A reduction of 40°;6 of alga biomass rep...
resents a substantial in the food
supply and
other herbivores. The in primary
impact on
structure. on insect
larvae as a food source would be especial..
ly affected by a reduction in benthic algae
population (Wetzel, 1975). The reduction
of benthic algae, even short term, could
have a negative impact on the productivi-
ty and diversity of a lake system.
Figure 1
Total Dissolved Copper (TDC) analyzed in comparison to the copper
as a ratio of copper sulfate in treatment
,
,
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* Copper mgll
(Tested)
Control
(O-CuSO4)
t.oCuS04 mgll 10.0 CuS04 mgll 25..0 CuS04 mgll
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Table 1
Total dissolved copper tested and projected copper concentrations
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Figure 2
Treatment Levels
Chlorophyll a Average Mean at Copper Sulfate Treatment Levels
Table 2
Cell density at division level and total cell density of algae
Figure 3
Algae by division after copper treatments
Relative Abundance of Algae Divisions at Treatment Levels
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